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Abstract The A@ Photoinjector (A@PI) consists of a Radio
Frequency Electron Gun (Rfun) thatessentiallyaccelerate a
beam of electrons. The Riun is cooled by a lowonductivity
water (LCW) skid cooling systenThe performance ofCW
systems is of critical importance at accelerator faciliti@s An
imbalance of water chemistry, supply temperature, or component
availability can have a direct impact othe machin® s
performancefio. DESY, a highenergy physics laboratory in
Germanywill soon install a new Rigun in thenorth cave of the
AQPI facility that will require the same coolires the current
RF-gun, which is located in the south cave A®. Before
installation @curs it must be assured that the current cooling
system for the AGPI Ri§un is up to par. We investigate how the
APl RFgun skid system was characterized, improved, and
documented over the course of a summer.



NOMENCLATURE:
d = internal diameter of pg(in)
D = internal diameter of pipe (ft)
f = friction factor
g = acceleration of gravity (fds
h. = head loss (ft)
K = resistance coefficient
L = length of pipe (ft)
€ = absolute viscosity (cP)
P1 = starting pressure (psi)
P, = ending pressure (psi)
gP = change in pressure (psi)
gPr = change in total pressure (psi)
Q = rate of flow (gpm)
} = weightddensity (Il b/ft
v = mean velocity of flow (ft/s)
Z, = lowest elewtion (ft)

Z, = highest elevatio(ft)



l. INTRODUCTION

i. Fermi National Accelerator Laboratory

President Lyndon B. Johnson signed a bill on November 21, 1967 commissioned
by the United States Atomic Energy Commission for the Nationatelkcator
Laboratory. Seven years later on May"1the laboratory was renamed Fermi National
Accelerator Laboratory (Fermilab or FNAL) in honor ofirfEo Fermi a 1938 Nobel
Prize winner and preeminent physici8ts part of the Depgagict ment o
goals, he mission of th laboratory became to advance the understanding of the
fundamental nature of matter and energy by providing leadership and resources for
qualified researchers to conduct basic research at the frontiers of high energy gmysics
related disciplines. Presently, the laboratory is approximately 6,800 acres and located in
Batavia, 1l 1l inois. Al s eenergyjparticlesacctlavange] t o t he w

ii. A Experiment

Fermilab is comprised of many different divisiofi$ie project discussed in this
report was conducted in tiecelerator Division (AD)The AQ@ Photoinjector (AGPI)
facility is a smallresearch and development prograection within the AD. This
department is located in a building referred to as tted (AQ) building. An essential
component of the overaA@PI is a Radio FequencyElectronGun (RFgun). The R~
gunis located in the laser room which is in the south cave of @éduilding. This gun
consists of cavitiethat areused to accelerate a lmeaf electrons.

iii. Project

As theRF-gun runs, it gives off heat. This poses as a problem both to the well
being of the machine as well as the physicists. If the machine becomes too hot, it could
damage its manufactured restraints. Physicists woulddikine gun to maintain a steady
temperature in order for them to perform accurate tests. Therefoyameers of the
Mechanical Support Department created a-tmmductivity water (LCW) skid cooling
system that would keep the Rjan from overheating bydeping it at a consistent
temperature.

Within the next 5 years, a new Rjan from Deutches Elektronen Synchroton
(DESY), a highenergy physics laboratory in Hamburg, Germany, will be installed in the
Ad north cave. The new Rgun will use the same coolireystem as the current gun, but
before he installation occurs it musebassured that the current cooling system for the
AQ PIRFgun is up to parThis paper investigates how th& Pl RFgunskid system
was characterized, improved, and documented dveecourse of a summen order to
obtain these goals the following steps had texexuted

e Outlined spreadsheet acting as a project timeline (for organization purposes),
e Development of a detailed system schematic,

e Refinementoftheystendb s appear ance,

o Completedluid analysis throughout systelny calculating pressure changes.

iv. Background
During t he weeafFetmyab dofcéived thextensivephotoinjector
research and development program Fgrmilab mechanical engineer, John Sseti out



to developthe skid systenilhe originalskid designfor the AJ RF-guninterlocked three
skids. Skid #1 was a glycatater chiller.This skid acted as aoolingunit that provided
chilled glycol to heat exchange with skid.#3kid #2 was a loveonductivty water
(LCW) skid systenthatreceived processesater, sent it through the heat exchanger, and
pumped it to skid #3. This skid contained theial®zing loop. Skid #3 was a skiging
another heat exchanger to assist with power supplies and klystriaimgcdo 2004 skid
#3 was transported to the New Muon Lab (NM&grvice buildingfor use as a
temperature cooling skid for their LCW systedames Santucevas then heading the
AJPI facility andcompliedthat skid #3 would no longer be neededhis progct Today
the AORF-guncooling systenstill consists of théwo skids, aglycol chiller anda LCW
skid.

I. METHODS

I. Instrumentation
Microsoft Visio

Microsoft Visio is a diagramming program for Microsoft Windows that uses
vector graphics to creatkagrams [3]. Once the program is opened, y@welcomed by
Getting Started with Microsoft Office Visio screen and prompted to select the kind of
template that you wish to ugEigure 3. Once a template is selected, you may then be
taken toa subcategoy page. Upon your selection you will be given a dimed blank
canvas(Figure 3. On the lefthand side of the screen there iscddumnlabeledShapes
with many different sections of shape types. This tab will vary based on the template
chosen. For the A@ RF-gun cooling systemschematics,the path of choice was
Engineering > Process FlowDiagram. Thisthenled the shape sectionsderthe Shape
columnto include: Equipment (General), Heat Exchangers, Pumps, Vessels, Instruments,
Pipelines, Process Annditans, and Valves and Fittingsor developnent ofthe project
manager filethe path wasSchedule> Gantt Chart. An example of a Schedule type
document in Microsoft Office Visio is shown Figure3.
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Figure 1. Getting Started with Microsoft Office ¥io 2007welcome screen
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Figure 2. Microsoft Office Visioc2007grid-lined blank canvas
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Figure 3. Sample image of a Schedule typedment in Microsoft Office Visio 2007

PT878 Ultrasonic Flowmter

GE Panametrics manufactured an instrument called PT87&bio Liquid
Flowmeter also referred to as the TransPort® Model PT@48ure4). The PT878 is a
transittime ultrasonic flowmeter that combines all the features of asizdl flowmeter
with the advantages of a portable instrumdiite PT878 is one padf the flowmeter
system. The flowmeter system consists of two essential subsystems: the flowcell and the
electronics package (the PT878). The flowcell is the part of the system that uses
ultrasonic pulses to interrogate the flow. It consists of the fldwgipe and the
transducers.The goal of the flowcell piping is to provide mechanical support for the
transducers and assure stable fluid conditions for accurate flow measurement. The
transducers convert electrical energy into ultrasonic pulses whemansanit cycle, and
convert the ultrasonic pulses back to electrical energy when in a receive cycle. The
electronics package (the PT878) consists of circuits that generate, receive, and measure
the travel time of the ultrasonic pulses. It also contains @oecomputer that controls
operation and calculates flow measurement parameters. Specific dimclutie transmit



signal generator, transmitter, receiver, data acquisition, timing circuit, microcomputer,
and input/output.

During operation, two transduseserve as both ultrasonic signal generators and
receivers. When mounted on a pipe, they are in acoustic communication with each other,
so that each transducer can receive ultrasonic signals transmitted by the osdecéran
Each transducer thus funmtis as a transmitter generating a certain number of acoustic
pulses, and as a meer for an identical number of pulses. The flowmeter messthe
time interval between transmission aneception of the ultrasuc signals in both
directions. [4]

Figure 4.An image of &GE Panametrics PT878 Portable Liquid Flowmeter
1. RESULTS

i. System Schematic

The first task that | was assigned was teneate a schematic using Microsoft
Office Visio 2007. The original schematic was in two parts. Those parts habkeled
HINS-ILCTA MESON LCW SKID and HINS LCW Connections for lon Source Cage
Radio Frequency Quadrupole (RFQ) Interlock Test Setup respectively. Once this task
was completed, as shownhagram lof the Appendix, permission was granted for the
launchof the A@ RFgun skid system schematic.

Upon completion of one thorough watkrough of the A Rfgun skid system,
the system schematic began to take form. Because the system is so large, it was decided
to break the schematic into two separate docume&htsfirst document would be for the
system outline, and the second document would detail the system skids.

The first draft of each schematiDiagram 2a and Diagram Rdid not meet the
expected standards. The main problems with these drafts were asfollo

e The lines were too bold,

The documents were thremensional,
There were missing valves and gauges,
There was no sense of pipe length or pipe size,
There was no reference as to where the pipes were located in AQ.



These issues were resolved as thdt dnambers increased. Subtle progressive changes
occurred with each draft.

On the RFGun System schematic, the entire layout of the document was
remodeled on Draft #3. The A@ Control Room, North Garage, and North Cave were
shown on the document. Alsogtlsystem branebffs were labeled. After five drafts had
been completed, all valves and gauges were shown and the gauges hadldselede
Diagram 3a and Diagram 3ghow the original gauge labeling over the system, and
Diagram 4aandDiagram 4bshow theupgraded labeling. The original gauge labeling was
incomplete and repetitive. The upgrade labels the entire systéB On Draft #6 pipe
sizes were added, and the schematic was completed on Draft #7 (stolagram 53

Draft #4 of the Process LCW ar@hiller Glycol Skids for RFGun schematic
introduced and perfected the-mizing loop. Upon completion of Draft #6, all valves
and gauges (local and remote) had been added, and the system had-labelede
Again, Diagram 3bshows the original labelgnandDiagram 4bshows the upgrade. Pipe
sizes and tank levels were added on Draft #7 to complete the schematic (shown in
Diagram 5.

These schematics served as an essential hefging for fluid analysis.

ii. Fluid Analysis

Before a new Rigun can beadded to theA@ facility, it is imperative that the
present systenbe fully operational and effective. For this reasqgoressure drop
calculations were cwucted throughout the system. First,dadlthe present pressure and
temperaturegauge readingsvere documentedusing an Excel® spreadsheet (shown in
Table 1) these readingwill later be used to compare with thelculated pressure drop

In 1738 DanieBernoulli derived an equation that is now the most ussfigle
equation in fluid mechanid$, 7]. His theorem isa means of expressing the application
of the law of conservation of energy to the flow of fluids in a conduit [3].

2 2
1448 v _ Z,+ 1447 | \2/—2 +h Equationl
g

Z +
2 29 P>

Accor di ng ¢ eguatbe (Equatioh), theé gressure drop betweenad B can
beexpressed as

P ~ Vo -V .
Pl—Pzzm ¢, -7 * 29 +h, Equation 2

In order to calculate the change in pressure, according to Equation 2atbeother

equations needed

_ 0.0025%KQ?

h, 3¢

Equation 3



L
K=f— Equation 4
D
R = 50.6Qp Equation 5
du

In efforts to minimize calculation errors, the entire cooling system was separated
into 13 individual sections, labeledM; these sections awlor coordinatedn Diagram
6aandDiagram6b.Eache ct i onds | ength (%), aadrateecdt i on cF
flow (Q) had to be measurewhile a basic tape measurer was used for L and Z, a GE
TransPort® PT878 ultrasonic flowmet@rogrammed for this system, was usedltain
reliable readingfor Q. Four ®ctions,each about 1% feet longong the system were
chosen for measurement collectidfhese sections were chosen because thegauie
located whersomeflow is lost, shown irFigure 5 For the first sectiothe volumeread
steady at 3@gpm. The second sectioread the flow rate to é24.49pm. The third
sectionmeasured 5.5gpm and the fourth, 4.85gpimlowing measurements, standard
tabl es f oun dofFluds bookawer dised téflndtine values forf *, and
v of each section (M) . Upon assuming that all fitting
calculations began.
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Figure 5. Focuses on the foweparatesections that were used to measure rate of flow on
the AD RF-gun cooling systerfor a beter understanding of the Q value outcomes

Section A:

Given:

d =0.17225ft

fr=0.019

> [ modTt Ot

" ' cH»nH fokTFi

v = 2.87 ft/s
Measurements:

Z,=9.833 ft

Z]_= O ft

L =69.5 ft

Q=30gpm



Calculations:

50.6 30gal 62.421lb 1 __ 94753.6

e 2067in"  min ft3 1.7¢cP 3.5139
f = 0.026(seepageA-18)

0.026 X69.5ft X12in __ 21.684

K= - =
2.067in Xft 2.067

=10.49

n petbow =16fr > 2 x 16 x 0.019 = 0.608
hne St G230 x0.019 = 6.84

Krora, = 0.608 + 6.84 + 10.49 = 17.95

0.00259 x17.95 x 302 41.84
h, = XTI XY o = 2.292 ft

2.067% 18.254

62.421b x ft3
144in? x ft3

AP =

= 2.7 x 10*

(9.833 ft + 0 ft + 2.292 ft) = 5.256 psi

The same calculations were conducted for sectiohk ®&ith some variable value
changes. Length and elevation values routinely changed with each section. Other

occasionaVariable changes included d, Q, v, gnd he presure change results for each

section is as follows: A 5.256psj B = 1.664psj C=0.893psj D =2.484psj E=
1.398psi F=1.061psi G=5.174psiH=1.423psi | = 1.13%si, J=4.213ps|K =
4.444psj L = 5.561psiandM = 3.909psi

The

This creates a different of 96.386psi.

V. CONCLUSION

In summary, the gosl of this project were executed. The system schematic
created using Microsoft Office Visio 2007 was perfdct€he pressure and temperature
gauges were all successfutig-labeled and documented using a Microsoft Office Excel
spreadshdeFlow rate was measured for calculation purposes, and also served to present
an updated reading for the system. Pressure dnaughout the entire system was
calculated, and a project manager, also created using Microsoft Office Visio 2007, was
establishd. Theseconclusions show that, as hypothesized, the current cooling system for

the A@ RF-gun is not properly functioning.

APp = Section A + Section B + ...+ Section L + Section M

Equation 6

entire systemb6s cading o Eduatio id them B8644psi r e
By reading the highest reading the pressure gauge and subtractirfgom the lowest
reading, on Table 1, wind that the system calculatederall pressure drojis 135psi.

1C

dr oy
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VI.  APPENDIX

A RF Gun Skid System gauge readings

Pressure Gauge psi Temperature Gauge °F
P-01 33 T-01 53
P-02 13 T-02 36
P-03 7.5 T-03 51
P-04 62.5 T-04 50.5
P-05 9 T-05 65
P-06 7 T-06 45
P-07 140 T-07 60
P-08 137 T-08 58
P-09 19 T-09 44
P-10 9.5 T-10 82
P-11 5

pP-12 141

P-13 135

P-14 10

P-15 54

P-16 10

pP-17 22

P-18 25

P-19 22

Table 1: Displays the actual readings shown on all the pressure and temperature gauges
on theAd RF-gun skid system, as of June 2009.

INS- {l C i for lon Source Cage Radio Frequency Q FQ) Inter

3" LCW Supply

%
3" LCW Return 1

,,,,,,,,,,

Diagram 1: Combination of a HINSLCTA Meson LCW Skid schematic and a HINS
LCW Connections for lon Source Cagadio Frequency Quadrupole (RFQ) Interlock
Test Setup schematic.
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Diagram 2b: Draft#l of the Process LCW and Chiller Glycol Skids for-&én
schematic.
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Diagram 3a: Focuses on the@d RFGun Skid System Outline schematic before the
pressure and temperature gauges welabreled.
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Diagram 3b: Focuses on the Process LCW and Chiller Glycol Skids forGRR
schematic before the pressure and temperature gauges had-ladeheck
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Diagram 4a: The RF Gun Skid System Outline schematic with th&abeled pressure
and temperature gauges shown.
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Diagram 4b: The Process LCW and Chiller Glycol Skids for-Bkn schematic showing
the relabeled pressure and temperature gauges.
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Diagram 5a The final draft of the RF Gun Skid System Outline schematic.

Diagram 5b: The final draft of the Process LCW and Chiller Glycol Skids for the RF
Gun schematic.
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